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antenalnog lobusa adulta Morimus funereus (Insecta, Coleoptera) 
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The influence of electromagnetic field (2 mT, 50 Hz) on spontaneous bioelectrical activity 
of antennal lobe neurons of adult Morimus funereus (Insecta, Coleoptera) 
 
S U M M A R Y  
 
External magnetic fields (MF) disturb the equilibrium of biological systems, even 
during short-term exposure, resulting in disturbances at different levels of organization. 
These changes accumulate in organisms, which is one of the reasons for testing biological 
effects of MF. On the other hand, the fact that modern man is exposed to increasing 
number of MF sources due to the use of new technologies in everyday life, industry, 
medicine, as well as therapeutic application of MF, makes this topic even more important, 
in terms of human health protection. 
It is assumed that the interaction between external MF and organisms takes place 
at all levels of organization, including the nervous system. Thus, the aim of this study was 
to investigate the influence of electromagnetic field (EMF) of different characteristics 
(exposure duration, waveform) on spontaneous bioelectrical activity of antennal lobe 
neurons of adult Morimus funereus. Neurons activity (background/neuronal population 
and those nearest to the recording electrode) was registered through several phases of 
exposure of adult longhorn beetles to sine wave or square wave MF of different exposure 
duration: 5, 10 and 15 minutes (MP-5, MP-10 and MP-15, respectively). Estimation of MF 
influence was based on registered changes of neuronal activity. (I)reversibility of such 
changes was tested through comparison the triplets formed by particular experimental 
phases. Changes in triplets that follow the time course of the experiment, with reference 
to MF influence of different exposure duration (MP-5, MP-10 and MP-15, respectively), 
were also tested. 
Results of this study showed that the applied MF, regardless of exposure duration 
and waveform, modifies the activity of antennal lobe neurons. In sine wave MF, the most 
prominent changes are recorded after MP-15, while in square wave MF such changes 
were recorded after MP-5. Control activity of the neuronal population was significantly 
changed both after MP-5 and MP-10, as well as significantly decreased after MP-15. Sine 
wave MF, regardless of exposure duration, significantly inhibits control activity of 
nearest neurons. Changes in control neuronal activity are significantly lower in square 
wave MF of different exposure duration (MP-5, MP-10, MP-15). Compared to the activity 
detected immediately after exposure to sine wave MF, the activity of neuronal population 
and nearest neurons is significantly increased 35 minutes after cessation of MF-5 and MP-
10 exposure, respectively. In case of square wave MF, changes in the activity of neuronal 
population and nearest neurons are significant 35 minutes after cessation of MF-5 
exposure compared to the activity detected immediately after exposure to this MF. On 
the other hand, the neuronal activity detected 35 minutes after cessation of MF-10 
exposure was significantly higher in the neuronal population and significantly lower in 
the nearest neurons compared to the activity detected immediately after exposure to this 
square wave MF. Changes in the activity of neurons exposed to sine wave or square wave 
MF of different duration were mostly irreversible. Sine wave MF of different duration 
does not change reversibility factors between the triplets formed by particular 
experimental phases.  In contrast, in square wave MF, reversibility factors of the nearest 
neurons are significantly changed between the triplets formed by MP-10 and MP-15 
experimental phase. 
Results of our experiment imply that M. funereus individuals are sensitive to both 
sine wave and square wave EMF (2 mT, 50 Hz) of different duration, whereby their 
reactions depend on the characteristics of the applied MF and specificity of each 
individual. In addition, it can be presumed that adult M. funereus has the ability to detect 
and respond to external MF. 
 
Key words: Morimus funereus, electromagnetic field, spontaneus bioelectrical activity, 
extracellular registration, excitation/inhibition, irreversibility/reversibility 
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4 .  R E Z U L T A T I  
 
U ovoj studiji prikazani su rezultati dve grupe eksperimenata, koji se odnose na in 
vivo 	
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kontrolnim uslovima (K). Nakon toga je usledilo snimanje neuronske aktivnosti i kroz 
ostale ekperimentalne faze (MP-5, KMP-5, MP-10, KMP-10, MP-15), a u skladu sa ranije 
opisanom procedurom. 
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promene registrovanee neuronske aktivnosti kroz sve eksperimentalne faze. 
 
Uticaj ENF MP na registrovanu neuronsku aktivnost procenjivali smo na osnovu 

 $  
7 
4 9#(  	 	 



 
( 5 	 4 
 +F  5( -//D F 
6( -//q1(    
 $ 9# 
 
 $4 

elektrodi. %7
( 
	   +1
	
$ 
 
7 tripleta 
  
7
4 


4 (   	 promena Fr u tripletima 
koji slede vremenski tok eksperimenta, a 
	 
	
 # 
7

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4.1. EFEKAT SINUSOIDALNOG MAGNETNOG POLJA (2 MT, 50 HZ) NA SPONTANU BIOELEKTB!'
AKTIVNOST NEURONA ANTENALNOG LOBUSA M. FUNEREUS 
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 
 	 #-5, MP-10, MP-15 –spontana neuronska 
aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 

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	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
MP-10, respektivno. 
 
No. B9F69+9#1#9F%B'G K MP-5 KMP-5 MP-10 KMP-10 MP-15 
1. _(@f @_(`D @D(_/ -D(_- @_(` @q(f 
2 (_/ `(qf q(q` @@(f/ 10,94 4,94 
3. 15,21 -_(Dq 12,31 12,59 22,11 -q(`D 
4. 22,31 -f(-f -.(`D -D(_- 23,30 22,55 
5. 19,25 --(/_ 19,34 @-(f. f(/f 9,14 
`5 -D(`- 23,23 @f(-f 22,52 20,41 @(f` 
_5 `(qf -`(q` 23,90 @_(`@ @q(_ -q(_D 
f5 -@(` @f(-q @_(-f 19,01 14,41 f(-. 
9. 23,35 @/(_- @q(_ 14,20 11,14 ---- 
10. --(`` 10,13 -_(_D `(` 25,00 14,24 
11. -`(- `(.` 29,13 -f(@. -(f/ @_(_ 
12. 14,21 f(D@ 13,14 -f(/q @(f_ @@(f/ 
SVSE @_(_-2,01 @_(@-2,42 @f(D@2,10 @f(q@2,00 @f(@q@(f_ @.(_D2,05 
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aktivnosti za @@(-D¨+6q5-515 
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 $ M. funereus u 
eksperimentima u kojima smo na jedinke delovali sinusoidalnim ENF MP (2 mT, 50 
Hz). Rezultati su predstavljeni kao SVSE. K – kontrolna neur	#-5, 
MP-10, MP-15 – spontana neuronska aktivnost nakon delovanja kvadratnog ENF MP u 
.(@/@.(
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	KMP-5, KMP-10 – spontana neuronska aktivnost 35 
min nakon izlaganja MP-5 i MP-10, respektivno. 
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	– A1 grupa ili smanjuje kontrolnu 
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B) %
#@/	
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druge strane, u grupama koje su formirane na osnovu razlika u kontrolnoj neuronskoj 
aktivnosti i aktivnosti registrovanoj neposredno nakon delovanja MP-@/+9-9-Ä
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AP. K –  
 	 #-5, MP-10, MP-15 – spontana neuronska 
aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
MP-10, respektivno. 
 
 
 
K MP-5 KMP-5 MP-10 KMP-10 MP-15 
SVSE 
Grupa 
A1 14,09D(@_ -q(D`1,99 @f(f-(`. @f(@/-(q` @_(-D-(_D 19,193,09 
9@Ä 20,312,29 11,952,41 @_(fD3,22 @f(`D3,10 @f(f/-(` @-(f.2,32 
A2 @q(q_3,45 @.(`-4,09 @f(DDD(fq --(@_-(`/ 19,43-(` @`(@.-(_ 
9-Ä -/(`1,32 @f(`--(f. @f(-2,15 @q(`q2,25 @`(f`-(_- 15,233,14 
A3 @-(f/D(_q 24,93-(q` @f(f3,43 19,41-(` 19,521,94 -@(_/2,33 
9DÄ @(_-2,24 @D(._-(_ @f(qf3,19 @f(qq3,15 @f(D`2,92 12,322,03 
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predstavljeni kao SVSE. K – kontrolna neuronska ak	 #-5, MP-10, MP-15 – 
spontana neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 
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	 KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon 
izlaganja MP-5 i MP-10, respektivno. /(/.
	


7

!/(/.
	


7
#-5 (Kruskal-Wallis 
ANOVA, Mann- 4
4
15 
 
REZULTATI 
55 
#

	4
A2 i 9-Ä grupi koje nastaju nakon 
delovanja sinusoidalnog #janja, prikazane su na Slici 4.45+9(15
$
(#A2 grupi 		
	4


$4		@q(q_3,45 AP5
7(
te razlike su z
 
	
#-@/ +/(/.1 
 
	
--(@_-(`/ 9#(  
  
  
  
	 	 # 

 	 	
  .D(-@¨5 9	 4 
  
 
ove grupe je nakon delovanja MP-10 i MP-15 iznosila --(@_-(`/ 9#  @`(@.-(_ 9#(


	(  	
 
 d aktivnosti registrovane neposredno nakon delovanja MP-5 od 
@.(`-4,09 9#(



+6q5q5915 
 
 
6 q5q5 #
 	 4 
ona u A2 (A) i 9-Ä (B) grupi. Rezultati su 
predstavljeni kao SVSE. K –  
 	 #-5, MP-10, MP-15 – 
spontana neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 
@/  @. ( 

	 KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon 
izlaganja MP-5 i MP-10, respektivno. /(/.
	


7

sa kontrolom (Kruskal-Wallis ANOVA, Mann- 4
4
15 
 
9	 4 
  9-Ä  je nakon delovanja MP-10 iznosila 
@q(`q-(-. 9#(  
  
 + D/(@.¨1  4	
 
 	 
-/(`1,32 AP (/(/.15

($
(


	#-5 i 
MP-@.5"	

(


	
eposredno nakon 
REZULTATI 
.` 

		
#(	
	#	4$

(5

4	
	+6q5q515 
 
9	 4 
 
  A3 grupi nakon delovanja MP-15 iznosila 
-@(_/-(DD9#`(.D¨
$	
4	

	@-(f/D(_q9#(
ta promena nije z5)	

	4

i nakon delovanja MP-5 (24,93-(q`9#1i MP-10 (19,41-(`1(



odnosu na aktivnost neposredno nakon delovanja MP-. +/(/.1(  
 

		
q(__¨+6q5.5915 
U 9DÄ, nakon delovanja MP-@.(	4


@(_-2,24 AP smanjena na 12,32-(/D9#( 
	 

D_(.D¨
(p/(/.156

		4

	
	#-5 i MP-10 (za 
D@(@¨`(q¨(

	1(



+6q5.515 
 
 
6 q5.5 #
 	 4 
  A3 (A) i 9DÄ grupi (B). Rezultati su 
predstavljeni kao SVSE. K –  
 	 #-5, MP-10, MP-15 – 
spontana neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 
@/  @. ( 

	 KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon 
izlaganja MP-5 i MP-10, respektivno. /(/.
	


7

sa kontrolom (Kruskal-Wallis ANOVA, Mann- 4
4
15 
 
³

		4



	#
4		
	D.
jegovog dejstva? Da li 
REZULTATI 
._ 

 
 	  
 
	 #Æ ) $ $ 	  	 (
formirali smo grupe 
4
* 
 
A) 9	 4 
 D.   	 #-. 	
 – A4 
grupa ili manja u odnosu na aktivnost neposredno nakon njegovog delovanja – 
9qÄ 
B) 9	 4 
 D.   	 #-@/ 	
 – A5 
grupa ili manja u odnosu na aktivnost neposredno nakon njegovog delovanja – 
9.Ä. 
 
 %$
 q5D5  
	
   	 4 
( 

$
	4+9#1A4, 9qÄ(9.i 9.Ä. 
 
%$
q5D59	4
A4 – 9.Ä(

$
	4
AP. K –  
 	 #-5, MP-10, MP-15 – spontana neuronska 
aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
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izlaganja MP-5 i MP-10, respektivno. 
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u kojima smo na jedinke delovali sinusoidalnim ENF MP (2 mT, 50 Hz). Rezultati su 
predstavljeni kao SVSE. K –  
 	 #-5, MP-10, MP-15 – 
spontana neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 
15 min, respekti	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja 
MP-5 i MP-10, respektivno. 
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MP-10, respektivno. 
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Slika 4.9. Promena 	$4
u B1 (A) i @Ä (B) grupi. Rezultati su predstavljeni 
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 	 #-5, MP-10, MP-15 – spontana 
neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 
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	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
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Slika 4.10. Promena 	$4
u B2 (A) i -Ä (B) grupi. Rezultati su predstavljeni 
kao SV±SE. K – kontrolna neuronska aktivno #-5, MP-10, MP-15 – spontana 
neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 
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MP-10, respektivno. /(/. 
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Slika 4.11. Promena 	$4
u B3 (A) i DÄ(B) grupi. Rezultati su predstavljeni 
kao SV±SE. K – 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 
 	 #-5, MP-10, MP-15 – spontana 
neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 
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MP-10, respektivno. 
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Slika 4.12. Promena 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u B4 (A) i qÄ grupi (B). Rezultati su predstavljeni 
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neuronska aktivnost nakon delovanja sinusoidalnog ENF MP u trajanju od 5, 10 i 15 min, 
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2 R /(`Df. R /(`Df` Rpr @(ffqf Rpr (../_ 
3. Rpr D(@DDf Rpr -(_q.q IR -/(-` IR -/(qDfq 
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5. R @(q`@` R 1,4351 Rp f(_Dfq Rp `(@_q 
`5 IR -/(q_/f IR -0,4940 IR -/(/D`/ IR -/(/q_. 
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10. R @(qf` R 1,4402 Rp q(qq`_ Rp -(`q/. 
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12. IR -/(-`/- IR -/(-`qD IR 0,0012 IR 0,0004 
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3. Rp q(-/`f Rp D(`.`- Rp D(./f- IRp -.(-@`- 
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11. IR /(/f@/ IR /(/f- IR -/(/@_ IR -/(/@`` 
12. IRp --(@_/D IRp --(@..` IRp -@f(q_@- IRp -D(Dff 
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Integralna 
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rF  
1. R /(.f R /(.ff R /(`f` R /(_@/ 
2 IRp -@(`f/@ IRp -@(`@qD IR 0,4424 R 0,5092 
3. R /(../f R /(.__f IR 0,1349 IR 0,1324 
4. R /(f-f R /(f.q R 0,9190 R /(f. 
5. R 1,1930 R 1,2341 Rp q(-@`- Rp -(_D`@ 
`5 IR -0,4922 IR -/(qffq IRp -@(.-f@ IRp -D(/_@ 
_5 IR 0,0141 IR 0,0104 IR /(q@-` IR /(qD_D 
f5 IR /(@`q IR 0,1339 R /(fff R /(f.@ 
10. IRp -.(D_q` IRp -q(_`q Rp q-(D-` Rp _.(/./ 
11. IRp -1,3013 IRp -1,3211 IR /(D_`q R /(.qf 
12. R 1,4453 Rp @(.D-f R 1,0093 R 1,1023 
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$ K – KMP-5 – KMP-10 
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$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$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$  
( 
	  

4$5 
 
 
 
No. 
Integralna 
aktivnost 
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4
neurona 
9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0
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rF  
1. Rp 5,9153 Rp `(f_qq Rp D(/._f Rp -(-`.` 
2 Rp -(-/_/ Rp -(-@`q R /(f/`D R 1,2299 
3. IR -/(-_D_ IR -/(D.@f IR /(//_q IR /(//._ 
4. R /(ff. R /(f/f R /(f_ R /(f_` 
5. R /(f_/. R /(_@_@ R @(@-` Rp @(@-` 
`5 IR /(--_ IR 0,2339 IR /(/D__ IR /(/`@` 
_5 IR -/(@Dfq IR -/(@D`@ Rp q(@f`D Rp @D(`._q 
f5 IR -/(-@fD IR -0,2009 IRp -2,0921 IRp -1,5444 
9. IR -/(/@_- IR -/(/@f IR -/(///_ IR -0,0003 
10. Rp -(.`@. Rp -(f-_ R 0,9212 R @(/qf- 
11. IR /(-.fq IR /(-D`D R @(/f@@ R @(@_.q 
12. IR -/(/f@@ IR -/(/_fq IR -/(@@.` IR -/(/` 
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No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9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Pr
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om
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
rF  
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rF  
1. IR -/(@-/_ IR -/(@-_ IR -/(/qff IR -0,0510 
2 IRp -@(f`qq IRp -@(__D R /(f-q/ R /(fq. 
3. IR /(@@`- IR /(@D.f IR 0,0135 IR 0,0102 
4. R 1,0111 R @(/@D` R 0,9550 R 0,9439 
5. Rp @(f``q Rp 1,91f_ Rp -`(@D-. Rp 3,1910 
`5 IR 0,3231 IR 0,3193 R @(-/_ Rp 1,9939 
_5 IR 0,4129 IR 0,4059 R 0,9094 R /(f.@_ 
f5 IR -/(-`@ IR -/(-@f IR -0,0219 IR 0,3955 
9. IR /(/D/` IR /(/q_. IR -/(@Dff IR -/(@f/@ 
10. IR /(-f/f R /(./-f Rp --(f/ff Rp 25,3195 
11. IRp -D(D_. IRp --(_.-- IRp -`D(`@.` IRp -.f(f-_@ 
12. Rp @(`/Df Rp @(`f R /(.D_ R /(`_/ 
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$ KMP-5 – MP-10 - KMP-10 
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Integralna 
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Aktivnost 
4
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rF  
1. IR -0,1225 IR -/(@-f@ IR -/(@D`f IR -/(//f_ 
2 Rp `(f-/f Rp _(---` R @(D/__ R @(-_q 
3. IR /(q.._ IR /(q_@D IR /(q`` IR /(qq-_ 
4. R @(/``@ R @(/` R @(-@@` R 1,2424 
5. R /(f./D R /(f_@. IR -0,0419 IR -/(/qq` 
`5 IR -0,2394 IR -/(-D_ IR -0,0215 IR -0,3539 
_5 IRp --(@.`` IRp --(-f@D IR -/(-__- IR -0,2444 
f5 Rp .(@D_D Rp D(-q`` IR -0,0342 R 0,5294 
9. IR /(@_`D IR /(@_f_ IRp -q(`.__ IRp -/(__.f 
10. IR -/(/_-` IR -/(/ff. IR /(@.`/ IR /(/qf 
12. R @(@@ff R 1,1219 R @(/`@q R @(/f@. 
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rF  
1. Rp f(.q@ Rp f(.Dfq Rp @.(_qDq Rp -@(_`qf 
2 IR /(/f IR 0,0953 IR 0,3444 IR /(DDf/ 
3. IRp -D(_Df` IRp -_(.`.` IRp -3,4101 IRp -3,1991 
4. IR /(/-_ IR /(/-f- IR /(//f- IR /(/-`- 
5. IR /(D`/f IR /(D.`. IR 0,1114 IR /(D.ff 
`5 Rp -(.-D` Rp 2,529 Rp -(@/D_ Rp -(-D_D 
_5 R /(`. R /(`. R /(f@@ R /(`f_@ 
f5 Rp @(`-. Rp @(.`. IRp -@(`` IRp -@(/f` 
10. Rp 20,1412 Rp @.(-_/. IR -0,3435 IRp -1,193 
11. R /(`@_/ IR -/(qf.- R /(._ R 0,9992 
12. IR /(/f IR 0,1055 IR -/(/@_@ IR -0,0121 
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~ ENF MP (2 mT, 50 Hz) 
Kombinacija 
eksperimentalnih faza 
Integralna 
aktivnost 
Aktivnost 
pozadinskih 
neurona 
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mss- mss+ 
IR/R 
K : MP5 : KMP-5 _:q _:q _:q _:q 
K : MP-5 : MP-10 _:. _:. `:` _:. 
K : MP-10 : MP-15 .:` .:` .:` `:. 
MP-5 : MP-10 : MP-15 `:. `:. .:` D:f 
K : KMP-5 : KMP-10 _:. _:. .:_ .:_ 
MP-5 : MP-10 : KMP-10 9/3 f:q .:_ .:_ 
KMP-5 – MP-10 - KMP-10 `:. `:. f:D _:q 
MP-10 : KMP-10 : MP-15 .:` `:. _:q _:q 
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sinusoidalnim MP za triplete koji slede vremenski tok eksperimenta: K : MP-5 : KMP-5, 
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 #-5, MP-10, MP-15 –spontana neuronska 
aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 
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	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 
i MP-10, respektivno. 
 
No. B9F69+9#1#9F%B'G K MP-5 KMP-5 MP-10 KMP-10 MP-15 
1. f(@q @`(` 20,13 19,90 19,41 @`(f_ 
2. 25,11 `(qf @f(`` (_ @-(.` D@(f_ 
3. 22,44 @-(/` -D(f/ @q(`- 19,11 19,01 
4. 21,03 @-(`f @q(`. 13,14 -`(-f (q` 
5. 31,04 _(-. @f(fD 14,03 @/(_- @D(@_ 
`5 -/(__ (/f 24,23 19,39 10,34 @`(q` 
_5 14,10 21,11 14,54 12,10 @`(`. @@(f/ 
f5 -.(qf -.(_ 12,99 -.(/` `(qq @/(/_ 
9. -@(D_ D(/_ @@(f/ 11,93 @(f- @-(__ 
10. @_(/@ 21,20 @/(fD 13,14 @`(_ 12,92 
SVSE -/(`.2,02 @D(.`-(D` @_(/.1,52 15,33@(q_ @.(f@@(fq 15,44-(/` 
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spontana neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 
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	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon 
izlaganja MP-5 i MP-10, respektivno. 
 
 
 
K MP-5 KMP-5 MP-10 KMP-10 MP-15 
SVSE 
Grupa 
A1 @`(@fD(`@ 21,241,90 @q(`-1,99 @_(..3,04 @q(f--(f_ 12,921,44 
9@Ä -D(`D@(`- f(qq@(qf @f(``2,00 @D(f.1,30 @`(q_-(.f @_(@D3,24 
A2 f(@q @`(` 20,13 19,90 19,41 @`(f_ 
9-Ä 22,04@(`q 13,21-(`@ @`(_/@(`. @q(f-1,54 15,412,01 @.(-f2,30 
A3 @`(`Df(q 11,.f5,11 19,39/(_D 14,94q(` 15,993,42 -q(D__(./ 
9DÄ -@(`.@(f@ 14,05-(f/ @`(q`@(f. 15,43@(`@ @.(__2,24 13,211,12 
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K MP-5 KMP-5 MP-10 KMP-10 MP-15 
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No. BROJ MAKSIM9+9#1#9F%B'G K MP-5 KMP-5 MP-10 KMP-10 MP-15 
1. 2,10 5,01 _(// 2,01 4,04 3,99 
2 `(`f 1,00 2,34 2,01 1,03 5,99 
3. 3,01 D(_ @@(@f q(` _(q 4,99 
4. 3,00 D(_ `(// _(// 3,00 -(f 
5. 13,03 @(-f 4,20 D(f- 4,01 4,13 
`5 _(q. 2,00 10,23 f(`@ 1,04 _(fD 
_5 q(/f f(_D 3,39 -(.f -(_D .(f- 
f5 f(D_ `(-D 2,00 `(D/ D(` -(f 
9. -(`D 1,00 4,00 4,94 D(fD D(_ 
10. `(`` `(_. -(_ 4,93 _(// q(f/ 
SVSE .(_/1(/f D(f/(f. 5,331,02 q(`/(` D(fD/(_/ q(_-0,qf 
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	D/(@_¨5%
#-10 i MP-15 izaziva nešto 
 4$ $4 
    @_(_-¨  @_(-/¨( 

	(   
delovanja MP-10 i MP-@. 	 $4 
  q(`/(` 9#( 
q(_-Á/(qf 9#5 	
 

  
5 9	 $4 
 D.  
delovanja MP-5 je iznosila 5,33@(/-9#(
		

DD(-¨
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4		


		#(
	D(f/(f.
AP. S druge strane, 35 min nakon delovanja MP-@/ 	 $4 
 
 
4		



		#4$1f(Dq¨(

$
	49#q(`/(`D(fD/(_/9#5'	




+6q5--515 
 
 
 
 
 
 
 
 
 
 
6q5--5#
	$4

$M. funereus u eksperimentima 
u kojima smo na jedinke delovali kvadratnim ENF MP (2 mT, 50 Hz). Rezultati su 
predstavljeni kao SVSE. K –  
 	 #-5, MP-10, MP-15 – 
spontana neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 
@.(

	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja 
MP-5 i MP-10, respektivno. 
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	  

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	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5	
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
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(  
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
(	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A) F4#-.	
	– B1 grupa 
$9#$4

odnosu na kontrolu – @Ä 
B) F 4 #-@/ 	
	 – B2 grupa  
 $9# $4 
a 

	4– -Ä 
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C) F4#-@.	
	– B3 grupa 
$9#$4

kontroli – DÄ. 
 
 
4 
 ( 
  
    

	
:
	$4
5'
(
	#-5 i MP-15, 

  4$
 	$
+./¨
(./¨4$1(
dok MP-@/4$	`/¨(
q/¨


4
5 
Podaci za aktivnos $4 
 +
  $ 
	4
maksimuma - 9#1     
4 
    
%$
q5-/5 
 
%$
q5-/59	$4
B1 – DÄ( 

$
	4
AP. K – kont 
 	 #-5, MP-10, MP-15 – spontana neuronska 
aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 
i MP-10, respektivno. 
 
 
 
K MP-5 KMP-5 MP-10 KMP-10 MP-15 
SVSE 
Grupa 
B1 D(__/(_ .(`.0,93 `(@@@(qf 4,240,90 4,94@(/_ 4,52/(qf 
@Ä _(`D@(`_ 2,301,00 4,55@(qf 5,141,12 -(_-/(` 4,93/(ff 
B2 4,021,15 -(`/(_- _(f.@(_@ `(D@0,92 3,951,45 4,90@(/` 
-Ä `(f-1,54 q(f3@(-_ D(`./(_q D(`@/(_@ D(_./(f/ q(`//(qf 
B3 D(f./(` 4,141,35 _(@`@(.f q(._@(@` 3,921,14 .(-f/(_D 
DÄ _(..@(`D D(f@1,20 3,50/(_D q(f@/(f D(_./(` q(@`/(.f 
 
Iako se u B1 grupi kontrolna 	 $4 
  D(__/(_ 9# nakon 
izlaganja MP-.	
.(`./(D9#(
		

q(f_¨(




59	$4

	



	
4		5"

	7

 
7
$ 
 	
 



 
5 #	

 
 	 
  
	
MP-@/  @-(q_¨(     
	 #-10 registrovana 4,240,90 AP. 
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'
	
$9#(q(.-/(qf(
	
	#-15, što u odnosu na kontrolnu 

	
		

@(f¨+Slika 4.23.A). 
S druge strane, u @Ä  tretman MP-. (    `(f`¨( 

 	 $4 
 +/(/@15 '
(  	 $4
neurona je sa _(`D@(`_ AP, smanjena na 2,301,00 AP. Smanjenje kontrolne aktivnosti 
	4 
 
 	   
	 #-10 i MP-@.( 
  	4 

	$4
 .(@q1,12 AP, odnosno 4,93/(ff9#5	




 (/(/.1 jedino nakon delovanja MP-@/( 
  D-(`D¨  
	 $4 
5  
	4 9# $4 
  
	
MP-10 iznosi 5,14@(@-( 4		

 
	
MP-5 od 2,301,00 AP, predst	  	

 +/(/.1   @-D(qf¨ +Slika 
4.23.B). 
 
 
Slika 4.23. Promena 	$4
u B1 (A) i @Ä (B) grupi. Rezultati su predstavljeni 
kao SV± SE. K –  
 	 #-5, MP-10, MP-15 –spontana 
neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
MP-10, respektivno. /(/.  //@ 
	 
 
  
7
 
 !/(/. 
	 
 
  
7
  #-5 (Kruskal-Wallis 
ANOVA, Mann- 4
4
15 
 
#

	
$


(



	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4.24.A. Nakon delovanja MP-@/$
	49#
`(D@0,92, što u odnosu na 
kontrolu od 4,02@(@. 9#( 
	 	

  .`(_¨5 
7(   

5    	 $4 
  -(`/(_- 9#  
 $



neposredno nakon delovanja MP-.(	


	D.
	
delovanja +/(/.1, kao i nakon delovanja MP-10 +/(/.1(  @@(f-¨@Dq(._¨5
AP 35 min nakon delovanja MP-._(f.@(_@(a neposredno nakon delovanja MP-10, 
`(D@0,92. 
#
 	 $4 
  
	 #-10 u odnosu na 
(	

-Ägrupa($
+6q5-q515'
(
MP-10 je  q_(/_¨   +/(/.) k 	 	4 
 
`(f-@(.q 9#  D(`@/(_@ 9#5  	 ( 	 $4 
 
   




(


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Slika 4.24. Promena 	$4
u B2 (A) i -Ä (B) grupi. Rezultati su predstavljeni 
kao SV±SE. K –  
 	 #-5, MP-10, MP-15 –spontana 
neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
MP-10, respektivno. /(/. 
	 
 
  
7
   
!/(/. 
	 
 
  
7
  #-5 (Kruskal-Wallis ANOVA, 
Mann- 4
4
15 
 
9	$4
a u B3 grupi nakon delovanja MP-@.
D_(@q¨	

  (   
 
  +6q5-.5915 '

 	


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


	
	
	#-5 i MP-10. Naime, nakon 
delovanja MP-5, aktivnost na$

 
 4,141,35 AP, a nakon delovanja 
MP-10, q(._@(@` 9#( 4D(f./(`9#
		


_(.D¨@f(_/¨(

	5'	



5 
    	 $4 
 edinki iz DÄ 
 od 
_(..@(`D AP (Slika 4.25.B), MP-@.  4$ 4	 	 +/(/.1 – nakon 
delovanja MP-@.  
 	 
  
   qq(/¨ 
iznosila je q(@`/(.f9#5 )
4$
$4
+.D(`q¨1(
kontrolu, dolazi i 35 min nakon delovanja MP-. +/(/.1(  
 4	 	 $
3,50/(_D9#. 
 
 
Slika 4.25. Promena 	$4
u B3 (A) i DÄ (B) grupi. Rezultati su predstavljeni 
kao SV±SE. K – kont 
 	 #-5, MP-10, MP-15 –spontana 
neuronska aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 i 
MP-10, respektivno. /(/. 
	 
 
  
7
  
(Kruskal-Wallis ANOVA, Mann- 4
4
15 
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	$4



	#-5 i MP-10, 
   4	 	 
	 D.   
 
	a MP, 



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	$4
D.	#-.	

– B4 grupa ili manja u odnosu na aktivnost neposredno nakon njegovog 
delovanja – qÄ 
B) F 4 
 	 $4 
 D.   	 #-10 
	
– B5 grupa ili manja u odnosu na aktivnost neposredno nakon njegovog 
delovanja – .Ä. 
 

4
(_/¨
	$4


35 min nakon delovanja MP-.	
	
posredno nakon njegovog delovanja, 
dok se u MP-@/	
$
4$5 
 
 %$
 q5-@5 
  
 	 $4 
  


+B4 - .Ä). 
 
%$
q5-@5 9	$4
na u grupama B4 – .Ä( 

$
	4
AP. K –  
 	 #-5, MP-10, MP-15 – spontana neuronska 
aktivnost nakon delovanja kvadratnog ENF MP u trajanju od 5, 10 i 15 min, 


	KMP-5, KMP-10 – spontana neuronska aktivnost 35 min nakon izlaganja MP-5 
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3. R /(f..q R /(f._ R /(f@q R /(__-_ 
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$ K : MP-10 : MP-15 
* 
 +1  	nost 
4 
  $
 
5 B – 
	
$ B – 
	
$

$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$ 0rF , rF  i 
rF  su  
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registrovanoj posle tri tretmana kvadratnim ENF MP, analizirali smo na osnovu 
+1
	
$MP-5 : MP-10 : MP-15 
+%$
q5-.515 
Na nivou integralne neuronske aktivnosti, kao i aktivnosti pozadinski4
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MP-10 i MP-@.(		
	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
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	
	P-5. Nešto 
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$
No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
om
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. IRp -@(q_ff IRp -@(qfq. IR -0,1059 IR -0,0991 
2 IR 0,0390 IR -0,0410 IR 0,0149 IR 0,0193 
3. Rp D(_`__ Rp 3,9515 IR /(DD@_ IR 0,2539 
4. IRp -@(fD- IRp -@(..` IR -0,0331 IR -0,0245 
5. IR -/(/-f- IR -0,0304 IR -0,0002 IR -0,0002 
`5 IRp -@(@@_q IRp -0,9453 R 1,2233 R 1,1492 
_5 IR -/(@f_f IR -/(@ff@ IR -/(/@` IR -0,0221 
f5 Rp -(qf/. Rp 2,3900 Rp @(`q/D Rp `(D_f_ 
9. IR /(@@fD IR 0,1192 IR 0,0034 IR 0,0022 
10. IR /(/` IR /(/_/` IR -/(//q` IR -/(//`_ 
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%$
 q5-.5 +1B
	
$MP-5 : MP-10 : MP-15 
* 
 +1  	
4 
  $
 
5 B – irever$ B – 
	
$

$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$ 0rF , rF  i 
rF    
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kontrolnoj neuronskoj ak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 
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  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
registrovanom 35 min nakon delovanja i MP-5 i MP-10 (K : KMP-5 : KMP-10), prikazan je u 
%$
q5-`5 

7 	 
 D.   
	 #-5 i 35 min nakon 
delovanja MP-10 sa kontrolnom 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
	( 	 4 
(   	 $4 
1   _/¨


	
	
$


56

(D/¨




No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
om
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. Rp @_(q.q Rp 151,1951 IRp -/(_/.D IR -/(Df/@ 
2 R /(._DD R /(.qf Rp @f(``q Rp -/(-f_@ 
3. IRp -/(f.-f IRp -/(fqDq IRp -@(`fD. IRp -2,3552 
4. R 0,9213 R 0,9219 R /(f_@ R /(-f. 
5. R /(fDf R /(f._D IR /(Dff/ IR -/(Df. 
`5 Rp @(`-D. Rp @(_./_ R @(/@_ R @(/@`f 
_5 IR /(q_.D IR /(q``. R /(`@// R /(`D`/ 
f5 R 1,4291 R 1,4131 Rp @(@` Rp @(f-_@ 
9. IR /(@qq` IR 0,1450 IR 0,0951 R @(-D@_ 
10. IR /(q_D` IR /(q_./ IR -0,3541 IR -0,2043 
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javlja kod jedne jedinke. 
 
%$
 q5-`5 +1B
	
$ K : KMP-5 : KMP-10 
* 
 +1  	
4 
  $
 
5 B – 
	
$ B – 
	
$

$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$ 0rF , rF  i 
rF    
	
$  
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$ 
 MP-5 : MP-10 : KMP-10 nam ukazuje na to u 
kakvom su odnosu neuronska aktivnost registrovana neposredno nakon delovanja MP-5 i 
aktivnosti registrovane neposredno i 35 min nakon tretmana MP-@/+%$
q5-_515 
No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
omm
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. IR /(/_`D IR /(/__. IR -0,0022 IRp -/(`Df- 
2 Rp D(f_/q Rp 3,3291 IRp -/(._f@ IRp -/(f//_ 
3. IRp -3,3952 IRp -D(qD-_ IRp -3,1914 IRp --(D_52 
4. Rp @q(`D`f Rp @q(/_`_ Rp ff(/qf` Rp `_(f@f/ 
5. IR 0,0123 IR 0,0133 IR -0,0004 IR -0,0003 
`5 IRp -11,3335 IRp -.(qf`. R 1,0991 R @(@/-f 
_5 IRp -@(@`./ IRp -@(@`.` IRp -/(`.f- IRp -/(fq.D 
f5 R /(._/D R 0,5515 R @(q/Df R 1,3591 
9. IR 0,3551 IR 0,3.f IR /(@f_f IR /(-/`/ 
10. IR -/(/fq` IR, -/(/f.@ IR /(/-.f IR 0,0134 
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Promene u integralnoj aktivnosti neurona neposredno i 35 min po prestanku 
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$ MP-5 : MP-10 : KMP-10 
* 
 +1  	
4 
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5 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$ B – 
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$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$ 0rF , rF  i 
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kvadratnog MP-10 u odnosu na aktivnost registrovanu neposredno i 35 minuta nakon 
njegovog delovanja (KMP-5 : MP-10 : KMP-101(
	
%$
q5-f5 
No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
om
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. Rp _(@fD Rp @(f@_ IRp -D(_``- IR /(/f-f 
2 IR -0,4313 IR -0,4312 IRp -.(@/qf IRp -/(`fq- 
3. R 0,5530 R /(..`_ IR 0,3312 IR /(-`f` 
4. IRp -@@(`-f@ IRp -@/(`@@` IRp -D`(@q-f IRp -f(/_D_ 
5. IR -0,3444 IR -/(D._q IR -/(/@`. IR -/(/D.f 
`5 R 1,4353 Rp 1,5292 R @(/@_@ R 1,0142 
_5 IR 0,0492 IR /(/f/` IR -0,3325 IR -0,3002 
f5 IRp -@(/_@q IRp -@(@qf/ Rp @(_qq Rp @(_/q 
9. IR 0,3504 IR /(Dq`` IRp -@(DD/_ IRp -1,5495 
10. IRp -/(_@-/ IRp -/(_@q@ IR /(-_` IR /(Df`- 
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$ KMP-5 : MP-10 : KMP-10 promena: integralna +1  	
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$ B – 
	
$ B – 
	
$ 
$  – integralni faktor 

	
$ 0rF , rF  i 
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$1MP-10 : 
KMP-10 : MP-15 eksperimentalne faze (%$
q5-515 
No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
om
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. IR /(q/D` IR /(q/fq Rp @(.f/. R 1,134 
2 IR -/(/-@` IR -0,0219 IR -0.0003 IR -/(///f 
3. IRp -@@(-_.q IRp -@.(@f. IR -/(D_@_ IR -0,3152 
5. IRp -@`(/-_ IRp -@`(/DD R /(@@_ R /(_@ 
`5 IRp -@(@___ IRp -@(@-_` IRp -1,3204 IRp -2,9314 
_5 IR -/(/D`_ IR -/(/D__ IR /(q_@D IR /(D-`D 
f5 IR /(D-ff IR /(Dq` IR -/(qDf- IRp -/(../` 
9. IRp --(`.D IRp --(_DD IRp -/(_q`- IRp -/(_D@ 
10. Rp .(._/D Rp .(`@/q IRp -@(f@qD IRp -/(`@@ 
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$ MP-10 : KMP-10 : MP-15 
* 
 +1  	
4 
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$ B – 
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 B – 
	
$ 
$ 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Sumarni prikaz IR/R promena koje nastaju usled delovanja ENF MP kvadratnog 
 $  	
 $
 	4 


4   
  %$

4.30. 
 
 
 
No. 
Integralna 
aktivnost 
Aktivnost 
4
neurona 
9	$

 
Pr
om
en
a 
rIF  
Pr
om
en
a  
0
rF  
Pr
om
en
a  

rF  
Pr
om
en
a  


rF  
1. IRp --D(`@@ IRp --D(.@` Rp -(/q@_ Rp @(.`/- 
3. Rp 2,5423 Rp -(.q_D Rp @(f_qD Rp @(_/@. 
4. R @(/_- R @(/f.@ R 1,0005 R @(///` 
5. Rp D(qD`@ Rp D(q-f Rp -5@` IR 0,2993 
`5 IR -0,1311 IR -0,1504 IR -/(///f IR -0,0014 
_5 IRp -f(``_- IRp -_(/``q Rp 5,2402 Rp @f(.//@ 
f5 Rp 2,3339 Rp 2,2355 IR -/(/`f@ IR -/(/q_D 
9. R /(.f_D R /(._qq Rp -(@-._ Rp 1,9005 
10. Rp @(``.@ Rp @(```. Rp D(.@f- Rp D(f_`q 
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Kvadratno ENF MP (2 mT, 50 Hz) 
Kombinacija 
eksperimentalnih faza 
Integralna 
aktivnost 
Aktivnost 
pozadinskih 
neurona 
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mss- mss+ 
IR/R 
K : MP5 : KMP-5 5/5 q:` _:D `:q 
K : MP-5 : MP-10 _:D _:D _:D _:D 
K : MP-10 : MP-15 f:- f:- f:- f:- 
MP-5 : MP-10 : MP-15 q:` q:` 5/5 q:` 
K : KMP-5 : KMP-10 _:D _:D _:D _:D 
MP-5 : MP-10 : KMP-10 _:D _:D f:- f:- 
KMP-5 – MP-10 - KMP-10 f:@ f:@ _:- _:- 
MP-10 : KMP-10 : MP-15 D:` D:` -:_ D:` 
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